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1. 

ANGLED ARFOL, EXTENSION FOR FAN 
BLADE 

PRIORITY 

This application is a continuation of U.S. Non-Provisional 
application Ser. No. 12/038,873, entitled “Angled Airfoil 
Extension for Fan Blade filed Feb. 28, 2008, which claims 
priority from the disclosure of U.S. Provisional Patent Appli 
cation Ser. No. 60/892,339, having the same title, filed on 
Mar. 1, 2007, the disclosures of which are incorporated by 
reference herein. 

BACKGROUND 

A variety of fan systems have been made and used over the 
years in a variety of contexts. For instance, various ceiling 
fans are disclosed in U.S. Pat. No. 7,284,960; U.S. Pat. No. 
6,244,821; and U.S. Pat. No. 6,939,108. The disclosures of 
each of those U.S. patents are incorporated by reference 
herein. Another exemplary fan is disclosed in U.S. Pat. No. 
8,079,823, entitled “FAN BLADES, issued Dec. 20, 2011, 
the disclosure of which is also incorporated by reference 
herein. Alternatively, any other suitable fans may be used in 
conjunction with versions described herein. 
The outer tip of a fan blade or airfoil may be finished by the 

addition of an aerodynamic tip or winglet. Merely exemplary 
winglets are described in U.S. Pat. No. 7,252.478, the disclo 
sure of which is incorporated by reference herein. Additional 
winglets are described in U.S. Pat. No. 7,934,907, entitled 
“CUFFEDFAN BLADE MODIFICATIONS, issued May 3, 
2011, the disclosure of which is incorporated by reference 
herein. In other variations, an angled extension may be added 
to a fan blade or airfoil, such as the angled fan blade exten 
sions described in U.S. Provisional Patent Application Ser. 
No. 60/892,339, entitled “ANGLED AIRFOIL EXTENSION 
FOR FAN BLADE, filed Mar. 1, 2007, the disclosure of 
which is incorporated by reference herein. Other suitable 
structures that may be associated with an outer tip of an airfoil 
or fan blade will be apparent to those of ordinary skill in the 
art. Alternatively, the outer tip of an airfoil or fan blade may be 
simply closed, or may lack any similar structure at all. 
The interface of a fan blade and a fan hub may also be 

provided in a variety of ways. For instance, an interface 
component is described in U.S. Provisional Patent Applica 
tion Ser. No. 60/975,230, entitled “AERODYNAMIC 
INTERFACE COMPONENT FOR FAN BLADE, filed Sep. 
26, 2007, the disclosure of which is incorporated by reference 
herein. Alternatively, the interface of a fan blade and a fan hub 
may include any other component or components, or may 
lack any similar structure at all. 

Fans may also include a variety of mounting structures. For 
instance, a fan mounting structure is disclosed in U.S. Provi 
sional Patent Application Ser. No. 60/972,890, entitled 
“CEILING FAN WITH ANGLED MOUNTING, filed Sep. 
17, 2007, the disclosure of which is incorporated herein. In 
addition, a fan may include sensors or other features that are 
used to control, at least in part, operation of a fan system. For 
instance. Such fan systems are disclosed in U.S. Provisional 
Patent Application Ser. No. 60/978,860, entitled “CEILING 
FAN WITH CONCENTRIC STATIONARY TUBE AND/ 
OR SAFETY FEATURES, filed Oct. 10, 2007, the disclo 
sure of which is incorporated by reference herein; U.S. Pro 
visional Patent Application Ser. No. 61/025,852, entitled 
AUTOMATIC CONTROL SYSTEM FORCEILING FAN 
BASED ON TEMPERATURE DIFFERENTIALS. filed 
Feb. 4, 2008, the disclosure of which is incorporated by 
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2 
reference herein; and U.S. Provisional Patent Application Ser. 
No. 60/014,948, entitled “AUTOMATIC CONTROL SYS 
TEMTOMINIMIZE OSCILLATION IN CEILING FANS, 
filed Dec. 19, 2007, the disclosure of which is incorporated by 
reference herein. Alternatively, any other Suitable mounting 
structures and/or fan systems may be used in conjunction with 
versions described herein. 

It may also be desirable in Some settings for the output 
airflow from a fan to spread outward across a relatively broad 
area rather than being concentrated in a vertical column 
below the fan. 

While a variety of components and features have been 
incorporated into fans and fan systems, it is believed that no 
one prior to the inventor has made or used the invention 
described in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings incorporated in and forming 
a part of the specification illustrate several aspects of the 
present invention, and together with the description serve to 
explain the principles of the invention; it being understood, 
however, that this invention is not limited to the precise 
arrangements shown. In the drawings, like reference numer 
als refer to like elements in the several views. In the drawings: 

FIG. 1 is a perspective view of an exemplary angled fan 
blade extension. 

FIG. 2 is an alternate perspective view of the angled fan 
blade extension of FIG. 1. 

FIG. 3 is a cross-sectional view of the angled fan blade 
extension of FIG. 1. 

FIG. 4 is a perspective view of the angled fan blade exten 
sion of FIG. 1 installed on an exemplary fan blade. 

FIG. 5 is a cross-sectional view of the angled fan blade 
extension and fan blade of FIG. 4. 

FIG. 6 is a plan view of a hub for mounting fan blades. 
FIG. 7 is cross-sectional view of the exemplary fan blade of 

FIG. 4. 
Reference will now be made in detail to the present pre 

ferred version of the invention, an example of which is illus 
trated in the accompanying drawings. 

FIG. 8 illustrates an embodiment of a fan including a motor 
above the hub supporting the fan blades. 

DETAILED DESCRIPTION 

The following description of certain examples of the inven 
tion should not be used to limit the scope of the present 
invention. Other examples, features, aspects, versions, and 
advantages of the invention will become apparent to those 
skilled in the art from the following description, which is by 
way of illustration, one of the best modes contemplated for 
carrying out the invention. As will be realized, the invention is 
capable of other different and obvious aspects, all without 
departing from the invention. Accordingly, the drawings and 
descriptions should be regarded as illustrative in nature and 
not restrictive. 

Referring now to the drawings in detail, wherein like 
numerals indicate the same elements throughout the views, 
FIGS. 1 and 2 show exemplary angled fan blade extension 
(10), which may be used with a fan (not shown) having one or 
more fan blades (12) in the form of airfoils. Referring to 
FIGS. 6 and 7, those of ordinary skill in the art will appreciate 
that a fan may generally comprise a hub portion (36), includ 
ing a plurality of hub mounting members (38), to which one 
or more fan blades (12) may be mounted. Suitable examples 
of fans, hub portions (36), and fan blades (12) with which 
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extensions (10) may be used are disclosed in the various 
patents, patent publications, and patent applications cited 
previously herein, though others may also be used. 

Fan blade (12) of the present example is formed of extruded 
aluminum, though any other material(s) or methods of form 
ing a fan blade (12) may be used. Fan blade (12) of the present 
example has an upper Surface (52) with a generally elliptical 
curvature and a lower surface (54) with a generally elliptical 
curvature. Suitable methods of forming and elliptical con 
figurations for a fan blade (12) are disclosed in U.S. Pat. No. 
7,284,960, entitled “FAN BLADES, the disclosure of which 
is incorporated by reference herein. Alternatively, upper Sur 
face (52) and lower surface (54) may have any other suitable 
curvature or configuration. Fan blade (12) of the present 
example is also Substantially hollow, and has a plurality of 
bosses (56) extending inwardly in the interior of fan blade 
(12). Bosses (56) are configured to engage mounting mem 
bers (38) of hub portion (36) as shown in FIG. 7. Of course, a 
fan blade (12) may alternatively be substantially solid and/or 
may have any other Suitable internal structures in addition to 
or in lieu of bosses (56). A fan blade (12) may also engage a 
hub portion (36) in any other desired fashion. 

In the present example, angled fan blade extension (10) 
includes attachment portion (14) and angled portion (16). 
Attachment portion (14) has a proximal end (20) and a distal 
end (22). Angled portion (16) has a proximal end (26) and a 
distal end (28). The proximal end (26) of angled portion (16) 
is secured to the distal end (22) of attachment portion (14). In 
Some versions, attachment portion (14) and angled portion 
(16) are formed separately, then joined together using fasten 
ers (e.g., bolts, etc.), interlocking components or features, 
press fitting, adhesives, welding, or any other suitable 
devices, structures, or techniques. In some other versions, 
attachment portion (14) and angled portion (16) are formed as 
a unitary construction (e.g., molded as a homogenous con 
tinuum of material, etc.). Other ways in which attachment 
portion (14) and angled portion (16) may be formed will be 
apparent to those of ordinary skill in the art in view of the 
teachings herein. The proximal end (20) of attachment por 
tion (14) is secured to the distal end (30) of fan blade (12) as 
described in greater detail below. 

In some versions, the association of angled fan blade exten 
sion (10) to fan blade (12) provides a continuation of the cross 
sectional profile of fan blade (12). However, rather than con 
tinuing along the axis of fan blade (12), the association of 
angled fan blade extension (10) to fan blade (12) creates an 
upwardly curved angle configured to create a pattern of out 
ward spread in the output airflow column. It will be appreci 
ated by those of ordinary skill in the art that other angular 
orientations may be used. Along angled portion (16), the 
aerodynamic properties and angled orientation of angled por 
tion (16) may tend to deflect the air downward and outward in 
a direction perpendicular to the axis of angled portion (16) of 
angled fan blade extension (10). Such a deflection may create 
an effect of an outwardly spreading column of air below the 
fan. Those of ordinary skill in the art will appreciate that other 
effects may be created in addition to or as an alternative to an 
outwardly spreading column of air below the fan. By way of 
example only, the angle of angled fan blade extension (10) 
may be such to similarly direct an outward flow of air at about 
the height of the fan. Also by way of example only, the angled 
fan blade extension (10) may be oriented such that the asso 
ciation of angled fan blade extension (10) to fan blade (12) 
creates a downwardly curved angle configured to create a 
pattern of inward spread in the output airflow column. 

In some versions, the angle between fan blade (12) and 
angled portion (16) of angled fan blade extension (10) may 
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4 
have a tendency to disrupt vortices which form at distal end 
(28) of angled portion (16) of angled fan blade extension (10). 
This disruption of Vortices may, to some extent, achieve the 
efficiency gains realized by the winglets described in U.S. 
Pat. No. 7,252.478 (incorporated by reference above). Angled 
fan blade extension (10) may also be formed with, fitted with, 
or otherwise include a winglet such as one described in U.S. 
Pat. No. 7,252,478. 
Now referring to FIGS. 4 and 5, in some versions, the angle 

between the axis of fan blade (12) and the axis of angled 
portion (16) of angled fan blade extension (10) may be 
between approximately 30 degrees, inclusive, and approxi 
mately 60 degrees, inclusive. For instance, the angle between 
the axis of fan blade (12) and the axis of angled portion (16) 
of angled fan blade extension (10) may be approximately 45 
degrees. Alternatively, the angle between the axis of fan blade 
(12) and the axis of angled portion (16) of angled fan blade 
extension (10) may be between approximately 40 degrees, 
inclusive, and approximately 50 degrees, inclusive; between 
approximately 30 degrees, inclusive, and approximately 60 
degrees, inclusive; between approximately 25 degrees, inclu 
sive, and approximately 65 degrees, inclusive; between 
approximately 20 degrees, inclusive, and approximately 70 
degrees, inclusive; or between approximately 10 degrees, 
inclusive, and approximately 80 degrees, inclusive. Of 
course, any other Suitable angular relationships may be used. 

In some versions, the length of angled portion (16) may be 
between approximately 4 and approximately /12 of the 
length of associated fan blade (12), inclusive. Alternatively, 
any other Suitable length relationships may be used. 

In some versions, angled fan blade extension (10) is made 
of a lightweight polymer material to minimize its weight. 
Alternatively, any other suitable material or materials may be 
used, including but not limited to any Suitable plastic, metal, 
composite, alloy, or combinations thereof. 
Now referring to FIGS. 3 and 5, angled fan blade extension 

(10) may comprise a hollow form having a hollow space (34) 
defined by a relatively thin wall (32), to further minimize the 
weight of angled fan blade extension (10) while maintaining 
the full detail of the desired fan blade cross section form. 
Alternatively, angled fan blade extension (10) may be solidor 
have a substantially solid exterior and partially solid interior. 
It will also be appreciated that angled fan blade extension (10) 
may initially comprise a hollow form, with a material being 
used to fill the hollow form to any suitable degree. 
The manufacturing process used in the production of 

angled fan blade extension (10) may include blow molding, 
rotational molding, injection molding, permanent mold cast 
ing, die-casting, stamping, welding, or any other Suitable 
manufacturing process(es), including combinations thereof. 
By way of example only, angled fan blade extension (10) 

may be used with a fan blade (12) having any of the various 
cross section forms described in U.S. Pat. No. 7,284.960, 
entitled “Fan Blades, issued Oct. 23, 2007, which is incor 
porated by reference herein, or any of those described in any 
of the other patents, patent publications, and patent applica 
tions cited previously herein. It will also be appreciated that 
angled fan blade extension (10) may have any suitable cross 
section form. For instance, at least a portion of an angled fan 
blade extension (10) may have a cross section form similar to 
the cross section form of a fan blade (12) to which it is 
secured. At least a portion of an angled fan blade extension 
(10) may also have a cross section form that differs from the 
cross section of a fan blade (12) to which it is secured. In 
addition, distal end (28) of angled portion (16) of angled fan 
blade extension (10) may be substantially flat, rounded (e.g. 
convex, etc.), tapered, or have any other suitable configura 
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tion. In the example shown in FIG. 2, angled portion (16) of 
angled fan blade extension (10) has an arcuate cross section 
form with a rounded distal end (28) of angled portion (16). 
For instance, angled fan blade extension (10) may have gen 
erally elliptical upper and lower surfaces, similar to fan blade 
(12). 

In some versions, angled fan blade extension (10) is 
secured to fan blade (12) using any Suitable technique. By 
way of example only, the end of fan blade (12) may be 
substantially hollow, and angled fan blade extension (10) may 
comprise attachment portion (14) configured to be inserted 
into the end of fan blade (12). Alternatively, the end of attach 
ment portion (14) of angled fan blade extension (10) may be 
substantially hollow, and the end of fan blade (12) may be 
configured to be inserted into the end of attachment portion 
(14). For instance, attachment portion (14) may be modified 
to include a cuff, similar to the winglets described in Non 
Provisional U.S. Pat. No. 7,934,907, entitled “CUFFED FAN 
BLADE MODIFICATIONS issued May 3, 2011, the dis 
closure of which is incorporated by reference herein. Still yet, 
attachment portion (14) may be configured to slide over a 
portion of the end of fan blade (12) to establish connectivity. 
Furthermore, angled fan blade extension (10) may lack an 
attachment portion (14) altogether. For instance, angled por 
tion (16) may be secured directly to fan blade (12) by sepa 
rately forming angled portion (16) and fan blade (12), then 
joining them together using fasteners (e.g., bolts, etc.), inter 
locking components or features, press fitting, adhesives, 
welding, or any other suitable devices, structures, or tech 
niques. In some other versions that lack an attachment portion 
(14) altogether, angled portion (16) and fan blade (12) may be 
formed as a unitary construction (e.g., molded as a homog 
enous continuum of material, etc.). Other Suitable engage 
ment configurations and relationships will be apparent to 
those of ordinary skill in the art. 

It will also be appreciated that one or more fasteners may 
be used to secure attachment portion (14) to fan blade (12), 
including but not limited to one or more pins, Screws, bolts, 
adhesives, nails, welds, etc. In the present example, a screw 
post fastener (40) is used to secure attachment portion (14) to 
fan blade (12). In yet another version, fan blade (12) and 
attachment portion (14) of angled fan blade extension (10) are 
integrally formed of a homogenous continuum of material. 
For instance, angled fan blade extension (10) may simply 
comprise the distal end (30) of fan blade (12) bent upward. It 
will be appreciated by those of ordinary skill in the art that 
Such a bent configuration may include bending the distal end 
(30) of fan blade (12) in a variety of directions to achieve the 
desired angular configuration. 

In some versions of angled fan blade extension (10), attach 
ment portion (14) has substantially flat upper and lower Sur 
faces (e.g., defining Substantially flat, Substantially parallel 
planes, etc.). For instance, attachment portion (14) may be 
configured similar to mounting members (38) of hub portion 
(36). Alternatively, as shown in FIGS. 1-3, attachment portion 
(14) may have a center region and/or upper and lower Surfaces 
having a curvature that is substantially similar to or comple 
ments a curvature of one or both fan blade (12) surfaces (52. 
54). For instance, upper and lower surfaces of attachment 
portion (14) may each have a generally elliptical curvatures; 
and/or a center region of attachment portion (14) may have a 
generally elliptical curvature. Furthermore, upper and lower 
Surfaces of attachment portion, regardless of whether they are 
curved or Substantially flat, may also include one or more 
recesses, relief features, or other features configured to 
engage with bosses (56) inside fan blade (12). In some ver 
sions, a pattern of thicker and thinner sections across attach 
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6 
ment portion (14) may provide additional stiffness and/or 
resistance to crushing. Other Suitable configurations and fea 
tures for an attachment portion (14) will be apparent to those 
of ordinary skill in the art in view of the teachings herein. 

Having shown and described various versions of the 
present invention, further adaptations of the methods and 
systems described herein may be accomplished by appropri 
ate modifications by one of ordinary skill in the art without 
departing from the scope of the present invention. Several of 
Such potential modifications have been mentioned, and others 
will be apparent to those skilled in the art. For instance, the 
examples, versions, geometrics, materials, dimensions, 
ratios, Steps, and the like discussed above are illustrative and 
are not required. Accordingly, the scope of the present inven 
tion should be considered interms of the following claims and 
is understood not to be limited to the details of structure and 
operation shown and described in the specification and draw 
1ngS. 

FIG. 8 illustrates a fan motor (M) positioned above and 
rotatably supporting the hub portion (38) carrying the blades 
(12). When actuated, the motor (M) causes the fan blades (12) 
to rotate. The arrangement also includes a Support (S) adapted 
to allow the mounting of the fan assembly (F) to the ceiling 
(C). 
What is claimed is: 
1. An apparatus for a fan blade having one or more bosses 

extending inwardly relative to a surface of the fan blade, 
comprising: 

(a) an attachment portion having a distal end; and 
(b) an angled portion, wherein the angled portion extends 

from the distal end of the attachment portion such that 
the attachment portion and the angled portion form a 
homogeneous continuum of material; 

wherein the attachment portion is configured to insert into 
a first end of the fan blade and engage the one or more 
bosses; and 

wherein the angled portion extends vertically at a non 
perpendicular, non-parallel angle relative to the fan 
blade when the attachment portion is inserted into the 
first end of the fan blade; and wherein the attachment 
portion and the angled portion collectively define a Sub 
stantially hollow interior. 

2. The apparatus of claim 1, wherein the attachment portion 
comprises one or more recesses, wherein the one or more 
recesses are configured to receive the one or more bosses 
when the attachment portion is inserted into the first end of the 
fan blade. 

3. The apparatus of claim 2, further comprising a fastener, 
wherein the fastener is insertable through the attachment 
portion, wherein the fastener is configured to secure the 
attachment portion relative to the first end of the fan blade. 

4. The apparatus of claim3, wherein the attachment portion 
comprises an upper attachment Surface having a first curva 
ture complementary with a second curvature of an upper 
blade portion of the fan blade. 

5. The apparatus of claim 1 wherein the angled portion 
extends downwardly relative to the fan blade. 

6. The apparatus of claim 1 wherein the angled portion 
comprises a distal end, wherein the distal end comprises a flat 
Surface. 

7. The apparatus of claim 1 wherein the angled portion is 
oriented to deflect air inwardly relative to the fan blade. 

8. The apparatus of claim 1 wherein the angled portion is 
oriented to deflect air downwardly relative to the fan blade. 

9. The apparatus of claim 1 wherein at least a segment of 
the attachment portion comprises a first outer profile Substan 
tially identical to a second outer profile of the fan blade. 
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10. The apparatus of claim 1 wherein the non-perpendicu 
lar, non-parallel angle of the angled portion relative to the fan 
blade comprises an angle between 10 degrees and 80 degrees 
in a vertical direction when the attachment portion is inserted 
into the first end of the fan blade. 

11. A fan comprising: 
(a) a hub; 
(b) at least one fan blade having a first end and a second 

end, wherein the second end is coupled to the hub such 
that the hub is operable to rotate the at least one fan 
blade, 

wherein the first end comprises at least one boss located in 
a recessed portion and an upper blade portion at least 
partially defining the recessed portion, 

wherein the upper blade portion comprises a first curva 
ture; and 

(c) an extension comprising: 
i. an attachment portion having a proximal end and a distal 

end, wherein the proximal end of the attachment portion 
comprises an upper attachment Surface having a second 
curvature, and 

ii. an angled portion, wherein the angled portion extends 
from the distal end of the attachment portion, 

wherein the attachment portion is configured to insert into 
the recessed portion of the fan blade such that the exten 
sion to the fan blade provides a continuation of the 
cross-sectional profile of said fan blade: 

wherein the first curvature and the second curvature are 
complementary, 

wherein the angled portion extends from the attachment 
portion at a non-perpendicular, non-parallel angle rela 
tive to the fan blade when the attachment portion is 
inserted into the first end of the fan blade, 

wherein the proximal end of the attachment portion 
engages with the at least one boss when the extension is 
coupled to the at least one fan blade. 

12. The fan of claim 11 wherein the angled portion extends 
downwardly relative to the fan blade. 

13. The fan of claim 11 comprising a fastener, wherein the 
fastener is insertable through the first end of the at least one 
fan blade and the attachment portion of the extension, 
wherein the fastener is configured to secure the attachment 
portion relative to the first end of the fan blade. 

14. The fan of claim 11, wherein the upper blade portion 
includes an outer fan blade surface. 

15. The fan of claim 11, wherein the angled portion extends 
upwardly relative to the fan blade. 

16. The fan of claim 11, wherein the angled portion com 
prises an arcuate Surface. 

17. The fan of claim 11, wherein the angled portion com 
prises a convex upper Surface. 

18. The fan of claim 11, wherein the distal end of the angled 
portion is tapered. 

10 

15 

25 

30 

35 

40 

45 

50 

19. A fan comprising: 
(a) a hub; 
(b) at least one fan blade having a first end and a second 

end, 
wherein the fan blade defines a substantially hollow inte 

rior extending from the first end to the second end, 
wherein the second end is coupled to the hub such that the 

hub is operable to rotate the at least one fan blade; and 
(c) an extension comprising: 
i. an attachment portion having a distal end, and 
ii. an angled portion, wherein the angled portion extends 

from the distal end of the attachment portion, 
wherein the attachment portion is configured to insert into 

the first end of the at least one fan blade; 
wherein the angled portion extends at a downward angle 

relative to the at least one fan blade when the attachment 
portion is inserted into the first end of the at least one fan 
blade, 

wherein the attachment portion and the angled portion 
collectively define a substantially hollow interior. 

20. A fan for being Supported from a ceiling, comprising: 
(a) a motor; 
(b) a Support for Supporting the motor from the ceiling; 
(c) a rotatable hub suspended from the motor; 
(d) at least one fan blade having a first end and a second 

end, wherein the second end is coupled to the hub such 
that the hub is operable to move the at least one fan blade, 
and 

(e) an extension comprising 
i. an attachment portion having a proximal end and a distal 

end; and 
ii. an angled portion extending from the distal end of the 

attachment portion at a non-perpendicular, non-parallel 
angle relative to the fan blade when the proximal end of 
the attachment portion is inserted into the first end of the 
fan blade wherein the attachment portion and the angled 
portion collectively define a substantially hollow inte 
1O. 

21. A fan for being Supported from a ceiling, comprising: 
(a) a motor; 
(b) a Support for Supporting the motor from the ceiling; 
(c) a rotatable hub suspended from the motor; 
(d) at least one fan blade having a first end and a second 

end, wherein the second end is coupled to the hub such 
that the hub is operable to move the at least one fan blade, 
and 

(e) an extension comprising 
i. an attachment portion having a proximal end and a distal 

end; and 
ii. an angled portion extending from the distal end of the 

attachment portion at a non-perpendicular, non-parallel 
angle relative to the fan blade when the proximal end of 
the attachment portion is inserted into the first end of the 
fan blade, wherein the attachment portion is configured 
to insert into the fan blade such that the extension to the 
fan blade provides a continuation of the cross-sectional 
profile of said fan blade. 
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